New Student Experiment: Observation of Isobaric Analog States via the (p,n) Reactions at 30 MeV by Miki K. et al.
New Student Experiment: Observation of
Isobaric Analog States via the (p,n) Reactions
at 30 MeV
著者 Miki K., Shibuya S., Watanabe M., Sakai D.,
Matsuda Y., Tanaka K. S., Itoh M., Kawahara















I. 6.  New Student Experiment: Observation of Isobaric Analog States 




Miki K.1, Shibuya S.1, Watanabe M.1, Sakai D.1, Matsuda Y.2, Tanaka K. S.2, Itoh M.2, 
Kawahara K.1, Maeda K.1, Mukai T.1, Nakai S.1, Sekiguchi K.1, and Watanabe A.1 
 
1Department of Physics, School of Science, Tohoku University 




Overview — We have developed a new student experiment program for the undergraduate 
3rd grade in the department of physics, school of science, Tohoku university. The title of the 
program is “Nuclear radius and charge-symmetry studied with the charge-exchange nuclear 
reaction”. In this program, the students run the measurements of the (p,n) reaction at the 
incident proton energy of 30 MeV and observe the peak of the isobaric analog state (IAS). 
From its excitation energy, the students can discuss the basic nuclear properties, such as the 
radius of the target nuclei and the charge-symmetry of the nuclear structure. This program 
provides the students with a full experience of nuclear physics experiment including the 
planning, the conducting of the accelerator experiment, the data analysis, and the presenting 
of their achievements. 
Experiment — The experiment was performed at the 32 course in the CYRIC (Fig. 1). The 
proton beam was accelerated up to 30 MeV by the 930 cyclotron and impinged on the 
targets. The unreacted beam was bent away by the sweeper dipole magnet and transported 
to the beam dump, where the beam charge was integrated by the Faraday cup. The neutrons 
scattered at the 0 degrees from the target were detected by a pair of NE213 liquid 
scintillation detectors installed at 7.5 m away from the target. Each detector covered the 
solid angle of 5 msr. The background gamma-ray signals were distinguished from neutron 
signals and rejected by the pulse-shape discrimination capability of the NE213 scintillator. 
The energy of the neutron was determined from its time of flight, and the excitation energy 
of the target nucleus was obtained by means of the missing-mass method. The excitation 
energy spectra of the (p,n) reactions were obtained for the four kinds of targets: 27Al (27 
mg/cm2), natCu (27 mg/cm2), natAg (31 mg/cm2), and 197Au (39 mg/cm2). For each target, a 
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strong peak was found in the neutron spectrum, which was attributed to the IAS. 
Discussion — From the obtained spectra, the students determined the excitation energies of 
the IAS (EIAS) for each target nuclei. The EIAS corresponds to the difference of the Coulomb 
energy between the mother and daughter nuclei and it is related to the nuclear radius. The 
students determined the radius of target nuclei and investigated its mass-number 
dependence. They also discussed the reasons of the difference in the strengths of the IAS 
peaks for various targets, considering the isospin structure of the target nuclei.  
Response from students — This program was conducted for two times in October and 
November in 2017, and accepted 6 students for each time. Although 12 students in total 
could be accepted in this program, the number of students who applied for this program was 
23. This implies that this program sounded very attractive to many young students. It is also 
emphasized that about a half of students who took this program applied for experimental 
nuclear physics groups for their laboratory assignment in the 4th grade. This indicates that 
this program successfully motivate the students to join the nuclear science region. 
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Figure 1.  Layout of the experimental setup at the 32 course. The proton beam impinged on the target, and 
the scattered neutrons were detected by a pair of liquid scintillation detectors installed at 7.5 m away from the 
target. 
